Background: Knowing the total energy expenditure (TEE) of overweight adults is important for prescribing weight loss interventions. However, objective measurements of TEE may not always be readily available and can be expensive. This study aimed to investigate the validity of RT3 accelerometers in predicting the TEE of sedentary overweight adults, and to identify any sensitivity to anthropometric changes. Methods: The analysis used data from a 12-week weight loss study. At baseline and 12-week, TEE was predicted using RT3 accelerometers during whole room calorimeter stays. Bias between 2 methods was compared at and between the baseline and 12-week measurement points. Multiple regression analyses of TEE data were conducted. Results: Predicted and measured values for TEE were not different at baseline (P = .677) but were significantly different after weight loss (P = .007). However, the mean bias between methods was small (<100 kcal/d) and was not significantly different between 2 time-points. RT3 activity counts explained an additional 2% of the variation in TEE at 12-week but not at baseline. Conclusion: RT3 accelerometers are not sensitive to body composition changes and do not explain variation in TEE of overweight and obese individuals in a sedentary environment.
Being able to estimate daily energy expenditure of overweight and obese individuals is important as it serves as the basis for dietary modification to promote weight loss. When objective measurement of energy expenditure is not available, field methods such as predictive equations, 1 motion sensors, 2 heart rate monitors, 3 and activity questionnaires 4 are used to estimate free-living activity patterns. Among these methods, heart rate monitors may produce an error of up to 30% 5,6 while a triaxial accelerometer, together with age, body mass, and gender, has been shown to be a relatively better predictor of energy expenditure. 7 The RT3 triaxial accelerometer predicts energy expenditure by incorporating daily activities measured in 3 dimensions. The measured activities are then translated into energy expenditure, which is based on built-in regression analyses in the device based on age, sex, height, and weight. 8 Reports on the validation of this device are limited.
One validation study found significant correlations between RT3 counts and oxygen consumption during walking and running on a treadmill in 19 boys and 15 men. 9 However, this was performed over a short period of time and it is unclear if the correlation between RT3 counts and oxygen consumption (Douglas Bag method) can be translated into correlations between energy expenditure as measured by these 2 methods. Here, the absence of measured carbon dioxide production using the Douglas Bag made the calculation of energy expenditure during the study period impossible.
A more recent study investigated the relative validity of the RT3 in predicting activity-related energy expenditure in both a free-living and laboratory environment 10 compared with another accelerometer Actigraph (Actigraph, LLC, USA). Laboratory energy expenditure was measured using an AEI Moxus Metabolic Cart. It has been demonstrated that the Actigraph overestimated sedentary and underestimated other activities. 11 Therefore, the appropriateness of using this device as a reference is questionable. In addition, both these studies compared activity-related energy expenditure of healthy subjects. It is unclear if RT3 accelerometers are suitable for measuring total daily energy expenditure (TEE) of overweight and obese individuals who tend to have a more sedentary lifestyle.
Total energy expenditure is largely dependent on body composition. 12 Individuals may have a different body composition after weight loss compared with matched controls whom were never obese. 13 These differences may not be accounted for in the predictive equation in the RT3 accelerometers, as this incorporate only body weight. This study therefore aimed to examine if RT3 accelerometers provide a valid method for predicting TEE in overweight and obese individuals, before and after weight loss.
Methods

Experiment Protocol
The study analyzed data obtained from a 12-week weight loss dietary intervention trial. Data were obtained on 48 subjects at baseline and 31 subjects at 12-week who wore the RT3 accelerometer (RT3, version 1.2, Stayhealthy Inc., Monrovia, CA, USA) while spending 23.5 hours in the whole room calorimeter (WRC). The study protocol was approved by the University of Wollongong Human Research Ethics Committee (No. HE06/332) and written consent was obtained from every participant before commencement of study. Participants entered the WRC at 0800 hours in the morning after a 10-hour overnight fast. Participants were allowed to adapt to the WRC environment for 30 minutes before being asked to rest in a supine position for 30 minutes where resting energy expenditure was measured. Breakfast, lunch, and dinner were provided at approximately 0900, 1300, and 1800 hours, respectively, and supper at 2100 hours. Participants were also asked to perform 2 stepping exercise (5 minutes each) on a wooden block following a 40-beats-per-minute metronome in the WRC. These activities were estimated to replicate about 85% of their usual free-living energy expenditure. 14
Measurements
Anthropometry. Height, body weight (Tanita scales TBF622), and body composition (DEXA) were measured during the baseline and 12-week visits of the trial.
Whole Room Calorimeter. The WRC comprises of 2 identical air-tight chambers with a floor area of 2.1 m × 3.0 m and a total volume of 15 m 3 each. The details of the facility have been previously reported elsewhere. 15 Oxygen consumption and carbon dioxide production were measured through these ventilated chambers, on 10-minute intervals, over the study period of 23.5 hours. Gaseous exchanges were calculated based on in and outflow of the chambers as previously described by Schoffelen and colleagues. 16 Total daily energy expenditure was then calculated using the Weir equation, 17 which incorporates gaseous exchanges. RT3 Accelerometer. The RT3 accelerometer has dimensions of 68 × 48 × 18mm, weighs 65.2 grams, and is battery powered. The RT3 measures acceleration in 3 orthogonal dimensions (X-vertical, Y-anterioposterior, Z-mediolateral) periodically which is then converted to activity counts as well as energy expenditure based on the counts. This device has 4 operation modes that samples either activity counts or vector magnitude at 1-s or 60-s epoch intervals. Before study, participant code, age, sex, weight, and height were programmed into it using a computer. During the study, the RT3 was initialized and worn to the right side of the anterior torso of participants at the level of waist throughout the stay in a whole room calorimeter. In this study the mode that collected activity counts and energy expenditure at 60-s epoch intervals was used. This interval was chosen as activity in a WRC is limited due to floor space, so variation is expected to be low when compared with epoch intervals of 1-s data collection.
Data Analysis
Total energy expenditure (TEE) between the 2 methods was compared, with WRC providing the reference method. Bias between the 2 methods was calculated and presented in absolute values as well as a percentage of the WRC energy expenditure value. A Bland-Altman analysis was performed to present the bias between methods at baseline and 12-week of the trial. Correlations between energy expenditure, anthropometric measurements, and total counts (the sum of X, Y, and Z plane activity counts) were examined and bias was tested using a paired-sample t test. Linear multiple regression analysis was used to determine the predictors of total energy expenditure. All statistical analyses were performed using statistical analysis software SPSS (version 15.0, SPSS Inc., Chicago, IL, USA).
Results
Among the participants recruited in the original trial, 48/61 at baseline and 31/35 at 12-week completed both WRC and RT3 measurements. Twenty-seven participants completed measurements at both time points. The average age of participants was 44.6 ± 8.6 years. Participants remained overweight after the 12-week intervention period even after significant weight loss (Table 1) .
At baseline, significant correlations were found between WRC TEE (kcal/d) and body weight (R = .797, P < .001), and fat-free mass (R = .876, P < .001). The same was found for 12-week: body weight (R = .763, P < .001), and fat-free mass (R = .890, P < .001). Values for fat mass and activity counts were not significantly correlated with TEE values at both time points.
Significant correlations were found between the measured (WRC) and predicted (RT3) TEE (kcal/d) at both time points (Baseline: R = .856, P < .001; 12-week: R = .869, P < .001). TEE values changed significantly (P < .001) after the weight loss period (Table 1) . TEE values between methods were not significantly different at baseline (N = 48, P = .677) but were significantly lower for the RT3 at 12-weeks after weight loss (N = 31, P = .007). Nevertheless, the bias between the 2 methods did not change significantly before and after weight loss (N = 27, P = .244). The extent of the bias was below 100 kcal/d (Figure 1 ). The trend for changes in bias was minimal.
Two models were used to predict TEE before and after weight loss ( Table 2 ). The first (Model 1) used standard characteristics (age, weight, and height), and the second (Model 2) included body composition (age, fat mass, and fat-free mass). At baseline, the activity counts from the RT3 did not contribute to the explained variation in measured TEE in both models. Body composition appeared to be a better predictor of TEE rather than basic characteristics such as weight and height, where R 2 increased by 11.4% to 0.784 when fat-free mass was used. Model 2 was also observed to better predict TEE at 12-week (Table 3 ). Contrary to the finding at baseline, activity counts were significant predictors of TEE at 12-week. However, activity counts increased the R 2 value by only 2.0%, resulting in a total R 2 of 0.824.
Discussion
This study aimed to examine if RT3 accelerometers provide valid values for predicting the TEE of sedentary overweight and obese individuals. Before weight loss (baseline), values for the predicted TEE (RT3) were not significantly different from those of the measured TEE (WRC) and the magnitude and percentage of mean bias between methods was small (<100 kcal/d). Bland-Altman analyses confirmed this observation and showed that the variances between the 2 methods were equal. However, activity measurements by the RT3 accelerometers did not add value to the assessment of TEE in our weight loss study. Activity counts were not significantly correlated to the measured TEE and they were not a significant predictor of TEE regression models at baseline. Instead, only body weight and body composition were shown to be important in explaining variations in the measured TEE. This implies that prediction equations which incorporate body weight 18 or body composition 12 may be sufficient and provide quick and inexpensive ways to estimate the energy expenditure of sedentary overweight adults.
This observation was different to those reported by Plasqui and colleagues, 19 where activity counts explained an additional 19% of the variation in the measured TEE and 33% of activity energy expenditure. The different outcomes could be explained through the differences in study populations recruited in both studies. We recruited overweight and obese individuals, who were sedentary and TEE was likely to be contributed mainly by resting energy expenditure that depends on body fat-free mass, 20 whereas healthy subjects participated in the study by Plasqui. Another study of older men (who spent most time on sedentary activities 21 ), also reported poor correlations between accelerometer output and measured energy expenditure in a free-living environment. 22 The second aim of this study was to investigate if RT3 accelerometers were sensitive to weight and body composition changes in the prediction of TEE. The disproportionate loss of fat mass and fat-free mass during weight loss observed in our study was consistent with the scientific literature. 23 As a result, study participants substantially changed body composition after weight loss ( Table 1) . Body composition has been shown to be an important determinant of energy expenditure 12 and the fact that there was a significant difference between the measured and predicted TEE suggests that the RT3 was not sensitive to body composition changes. The measured TEE (WRC) was significantly higher. This was reflected in the higher percentage of fat-free mass after weight loss (Table 1) , which may not have been picked up in the RT3 accelerometers predictions. This is because it utilizes a built-in regression model to predict energy expenditure that only addresses body weight.
From the regression models of TEE, activity counts, on top of age and fat-free mass, became a significant predictor of TEE at 12-week. In our study, this explained an additional 2% of variance in the measured TEE. This suggests that obese individuals may have increased their spontaneous physical activity since the experimental protocol during both WRC stays remained unchanged. 
Conclusion
RT3 accelerometer generated activity counts do not explain the variation in TEE among sedentary overweight and obese individuals before weight loss and they are not sensitive to changes in body composition following weight loss.
